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Motivation 
• By adopting both multi-scale and learning point-of-

views, incorporating the superior multi-scale 
properties of UDCT with the data matching 
adaptability of trained dictionaries, a flexible sparsity 
framework was proposed to allow sparser 
representation and prominent hierarchical essential 
features capture for MR images so as to substantially 
improve reconstruction performance for CS-MRI. 

 Front In
form Technol & Electron Eng



Main ideas 

• Multi-scale decomposition is implemented by using UDCT due 
to its prominent properties of lower redundancy ratio, 
hierarchical data structure, and ease of implementation. Each 
sub-dictionary of different sub-bands is trained independently 
to form the multi-scale dictionaries. 
 

• Corresponding to this brand-new sparsity model, constraint 
splitting augmented Lagrangian shrinkage algorithm (C-
SALSA) is modify as patch-based C-SALSA (PB C-SALSA) to 
solve the constraint optimization problem of regularized image 
reconstruction. 

 

Front In
form Technol & Electron Eng



Framework of our method 
• The flowchart of the proposed UDPC 
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Method (I) 
• UDCT DL 
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Method (II) 

• The flowchart of PB C-SALSA reconstruction 
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Method (III) 
• PB C-SALSA reconstruction 
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Major results (I)  
      Water phantom 
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Major results (II)  
        CS phantom 
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Major results (III)  
          T2-weighted image of the brain 
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Major results (IV) 
      Noisy T2-weighted brain image data 
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Major results (V) 
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Conclusions 
• A novel multi-scale UDCT dictionary learning framework was 

proposed for CS reconstruction of MR data. 
– A complex-valued multi-scale dictionary was trained to sparsely 

represent complex-valued data, which helps remove aliasing and 
Gibbs ringing artifacts and to preserve rich intrinsic properties of 
MR image. 

– Patch-based C-SALSA enforces data fidelity with a rapid 
convergence speed without degrading the reconstruction quality. 
 

• The proposed method can provide superior reconstruction 
performance at high acceleration rates with or without noise, 
which leads to greatly improved visual quality of the 
reconstruction image with much less graininess and less 
information loss than the others. 
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